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(54) DEVICE FOR ANALYZING STABLE SHAPE OF LINEAR MEMBER 

(57)Abstract: 

PURPOSE: To provide an analyzing device which can 
quickly predict a stable shape when a linear member 
restricted at its both ends is large deformed and also 
can reduce the necessary memory capacity. 
CONSTITUTION: This device is provided with an input 
means 12 for inputting the data relating to a linear 
member and the restricting conditions of both ends of 
the linear member, an analyzing means 22 which divides 
the linear member into an optional number of quality 
points end the beams having no mass and obtains a 
force balancing formula applying the beam logic to each 
quality point, an arithmetic means 24 which calculates 
the coordinates and the azimuth of each quality point by 
solving the balancing formula based on the restricting 
conditions of both ends of the linear member, and an 
output means 1 4 which outputs the space stable shape 
of the linear member based on the coordinates and the 
azimuth of each quality point obtained by the means 24. 



CPU 


— * 










fF mm* i 











If 21 



http://www1 9.ipdl.inpit.go jp/PA1 /result/detail/main/wAAABIaGxzDA40521 6920P... 2009/02/03 



(19)H*B*BfrJ? CJ P) (12) & $\ i£f & ^ (A) (ll)WHfHM&H#* 

#1^5-216920 

(43)&M B W 5 ^(1993) 8 J327B 



(51)IntCl. 5 fftglJIB-^ JrftSa*^ F I &fi5»^®0T 

G 0 6 F 15/31 Z 8320-5L 

15/353 8320-5 L 



SS#^a>» l (£ 11 JD 





#0.^4-47454 


(71)fcBPA 


000010076 










(22)fcbffiB 


¥^4^(1992) 2 ^3 6 




StW»IIKrfT*rJ12500#i|fl 
















»ra«SBTU«fM2500#* -F^§§»1« 
























»HKWfflTB*rii2500#tt -f^^i!)^ 














C74)f^aA 


aiffl Jem on*) 



(54) [«MI§©«fJ;] f|E|*f^<?>££3£ttl¥&r&K 



(57) [Hffi] 

If £ t KmzWtz ft v ^c^fd L#K,6 (c» LJBSttfc 

X.<5o 




.-100 



^102 



-1 04 



YES 



\ 






r,q 



T 

( EE* ) 



1 

tUKfcfc. <fc9)??<::i(cj;9 #1,^©I1Jo «t tWftfefc 
[0 0 0 1 ] 

ft t* <d ^mvt&^-t h mmm & wffi-e&jt-r * *^ 

[0 0 0 2] 

±TMtif\z±$ < &m-z>o mmta-?/* k— rft ?<d± 

[0003] tc:A£ < ^1-5^14^^ 

fi~etts «W&©^ B n pi^#Lftv^\ ifts^i 
AO (H $ ti 5 SBBflXSHft & 5 if Sr < Wt 

lEMte, tjr^T? 7^**fcJB^fcS*K: <fc 
[0 00 4] 

Bttfg (BrBffit Bffir^-/ yF^a © «fc 5 ft* 
[0 00 5] +fc:bt>#IKK*ftttfcfct>fcfc#lcJ8£ 

El Lfd*)**ftf- ft 5 * TJ« 9 iS LtHlC fefTfrfetf ft b 
ftv\ «/R©«fU^ffi*tt:jeffii:t>t©]K*A»e)ff-J|C* 



(2) #rJ¥5-2 1 6 9 2 0 

2 

imw-m-bmftz^ticf£% 0 

[0 0 0 6] %tc s /I/- ^r*:— X?£ k°l$=?J*X*X% X 

&9, mu^mwrnzh^^tm-ntsnz, mm 
ztx-czstf* mag feai****-^ 

■fr^lciftt), W-JH$IB^aHiKH(J^i-5. MJIMH-31 
*-eSHI Srff 5 IKK:*fcl*W#:fa&»*©ttjtirffaa:«: 
»<M^5„ 1+31^(4, flRfcfcfciSaMRfcH: 

iiliptic&g^y (DitJp*S*-T5o — »lc^R>* 

tm* * y t a^ < ft u , 

[0 0 0 7] 

13891 © B ft 1 *3PJ! it r <d «t 5 ft *tf fc«*ft $ ftfc 

20 So 

[0 0 0 8] 

x , mtfmknmz. m-tsx- ^ & * tmtitottftAtt 

^ffl v ^ flfrlEft u ^-v ^tftlBH-SHfefc ± 9 » < r t (c 

[0 0 0 9] 

^®5i^fc(-to-C^L-CV^o 'fti4**5-<tt> 
ro^Tjs-xft^ro^ (m&vmM) Xh«), rixSra 
Armlets "t^g^-efc5^#^fc^^-efc5o K 

^tl4 6o©g*ft (Mil 3, 0^3) Sr«p*,, 

5fc»e>, sffift^d^sft^o rjh/«$**w©8«©« 

[ooio] -2f, ?fi3t^#:»#:iift5-<</h$<ffl)^ 
5wi:^I*U\ L^Lft^P,, fci:x.=*'AroJ;5ft 

50 Plrogfttt, S*^«**^tt*»<i"5^i:lJ:J: 



(3) 



mffl¥ 5-216920 



[0011] 

-^©5&JB^R4:*»sraH*r*t*4:'t-*. *-7£-fe 
j/ M-5fJfiC(i^-^g#:{±^{iSri-5^\ -fey h£ 
ixfctt«T?H:#IIIJ«)SlBgtt/h*v^a*S*b5. Sfcfc 10 
*-7©itm • Wftttfi^ 3^*jiHfrh*««T?Bj|* 
»i UTS 3. W±£#JtL--C\ KIT©* 
x/u^KSLfCo 0 l fir (Oft-^^-r^Sr^i-^EI-e 

ii) «£tt6gftg (Mil 3, 0**3) HftrTU* 

W, -Qi -Ri =Oi , i =2, 

rrr\ * 



*tk:jec-cfrjsc*a*«<. 

[0 0 12] r©^7>-Cfi, ffctfctfjgS&i&S^fc^fc 
[0 0 13] 

B-f-S. £»£©&«-<* M"#4fc 
h/U (n , ) 14 i tltfo*) 
•a-o fc^S|T?l4#Jh-r5. -?:©B#© i #S <DK&T*<Dj3 

©ft 0 -g-v^ttt, £f£ffiSI**^T*ft©<£ 5 i'^So r 
©Hf©«£-<?©;'j©tt ( 9 ,^V^ S 0 2(.I, JfcS*^/©^- 



Wi : i feffiK h/U 20 

Qi : f£g» ( i - 1 ) fC«< g*?l-<7 
Ri (i) K:«<»**^ 

Oi : h/P 

[0 0 14] r*uk©J$#«*{4ft©S9T-fc.5o fcfc 
L {•••} ii^? Wi'Sr^U fr-<? h^roteeSr* 

h/WP= {P 2 r P/ P4 T 

= { r i q ; } 

ri : iK&<nGab<9 hfr 30 
= (xi y f Zi } 
qi : i K&OfitiL^? hfr 
={q0i qli q2i q3i} 

[0 0 16] (1) «;*«Jt^#» (i = 2, 3, -. 
n-i) icKS-r^t, ft©«£5(cfr3 0 * 

qi'qi -1 = 0, i=2, 3 
[0 0 18] fc*i % ^-^i^ffiti^^f+t LT, ft© 
J:5»'*5. 40 
^ h/uPi h^P.c 

h/i^P. f;up« (5) 

[0 0 19] 

[^7-/v^-^i ftt^ mm%<ni?&<Dmmmk 
?/~?\tts(7-ft<n£ot£&mwM*=mwmi'X 

©iatel*S:-|H||El*H-Sii:-C*y h-e#3;fc*-eab 

5. H4l±r©*ISfe©KWBaT?jbD, rwHl^^-TJ; 50 



{0 Wi 
{QXi 



(1) 
0 

Q Yi 



0 0 

QZ, 



0} 



Q Li Q 



} 



{RXi R Yi RZ, R Li 



R 



0 0 



0 0 0 0} 



(3) 



3, n 
<<? F/vWi 

Mi QN, 

h/l^Ri = 
Mi R N> } 
h/lsOi = 
[0 0 15] ftf 

P. T -P« } (2) 

★ W-Q (P) -R (P) =0 

^ t-/PW= {w 2 T W3 T W4 T -W„-i T } 

^2 Y/\'Q= {Q 2 T Q 3 T Q4 T -Q.-I T } 

hA-R = {R ! I R J I R ( T -R.-i T } 

"i^ WMD = {0 2 T O s T Oj 7 •••On-i T } 

[0017] (3) hA'P&1&&&&b-tZ>Q 

(n-2) ft©*<wKtit*^;t?*> u , m^aat* 

n-1 (4) 
?r9i-rst, ^7-^7^-^ lift© J: yizfemZ 

ns. rrf^±^^#bfci?^-(i-<7 h^^-r„ 
[fu] 

q = 



{ Qo 


q i 




r Qo 




r « i 






cos — 






2 






a 




a*sin — 




I 2 J 



(6) 



(4) ^5-2 1 6 9 2 0 

5 6 
[0 0 2 0] (6) S^itK >A-q T i^<? hA- * ft&30 •? h V V V * [ A] t LXUk^m < r t 

q 1 q-l = 0 (7) [»2] 

x-Y-ziio f - u - c *^<offi«aaft 

2 (q 0 ! +q, ! ) -1 2 (q, q 2 +q« q 3 ) 2 (q, q 3 -q» q 2 ) 



[A] = 



2 (qi q a -qo q 3 ) 2 (qo 2 +qz 8 ) -1 2 (q 2 q 3 +q 0 q.) 
2 (q. q» +qo q a ) 2 (q 2 q 3 +qo qO 2 (qo' + qa 2 ) - 1 



(8) 



[0 0 2 2] 

[0 0 2 3] (1) ^(D^Mtl^ h/VQ, s Ri |2#c 

i , *Sj:t*IMi i t i + l ^fM£ti3^*M^x' 
i -y' i Srig5©J;5^aifS. El 6 ttS*ffi«3R3820 

^ N/USi = [Ki] ei , i = l, 2, 
tU [K.]f±, IBS*iOPWtt-r y^^tffcU, ★ [«3] 

Aol 2 
0 
0 



h/UR' i = {RX' , RY' . RN' ■ } 
^ 1-A-Q' = (QX' .., QY' ... QN' 

HI } 

h/WSi = { R' i t Q' ... t } 
[0 0 24] f£/J^i^^ 

h/l/ 8 > = { u. Vi </>> } 

h/l/ £ i = { 6 i T 8 i.i ' } 



n- 1 



(9) 



E 

[Kl]= - 
1 * 



[0025] e 

Ao : WISH 

i z ilK^-^yh 
i : mmM 

= 11 r,« -r. || 
«BU i CHLt) 

•So 



0 
0 



1 2 I z 
6 I z 1 
0 

— 1 2 I z 
6 I z 1 



O 

— 6 I z 1 



2 It 1 2 



0 
0 



1 Oi :&i 



1 2 Iz 

-6 I z 1 4 Iz 1 a 



= {0 0 0. -71 } 

= { 1 , - 1 Oi 0 din 

: &3g3t i <0:R£ 
W i OgSft 



7 i } 



R i 




A, 


0 




[*4] 
R' , 






o" 


A, 







[0 0 2 6] (9) m:<Qs<f h^R' i > hA- 



(10) 



115] 



(5) 

7 8 
A, : x' , -y' . ^6X-Y^Affllgfi?h <J y ?A 

cos r i —sin r i 0 
sin r » cos r i 0 
0 0 1 



#H¥5-2 16 9 2 0 



*5£ (4) SrfctofcJUfcL-CVS. LfcflSoT (12) 5£ 



[0 0 2 7] 

(3) Sro«S!cil 

Newton-RaphsonfefCiSfMBf+^fe^ffl^^,, (3)5t 10 £#£C3„ ( 1 2 ) 5£tt, ^T© £ 5 l-S < ^ t Ifif* 
£g§icf (r, q) t-r^t, -*<0TaylorJgH!J:!Jifc 



[§C6] _ _ 

_ d f _ at __ 

f +—-A r +-^A q = 0 
d r 9 q 



(1 1) 



1*9] 
Aq » 

At 



Ait i 

^ r, 

A t 



(13) 



[0028] 7-^7^ -*©Kfl$5*;.fct> fit. 

[«7] 

d q i 

=r, &>' , (t2) 

d t 



r, = — 



A t : «/M5|ffl 

a k i : i fc^MsimWH 5 ^m^mA^ b >v 

LWoT, (13) 5£tt, 

20 [i& i_o ] _ _ 

A q t = T i A7E i 
[0 0 3 0] 
[iCl 1] 



(14) 



Aq = {Aq: 



Aqi 



A -rc = { A it a T Ate 3 t ' 









— q 2 


T 








qo 


q* 






- q 3 




q i 


qo 


i 


30 



[0 0 2 9] (12) 








• 










— r 


















Ate 







Aq„-, T } 
Ateb-i'] 

r" = block diag [T z T" s -f,-! ] 

b$ttk* (fib, block diaglt/J^frJO^iWillLJbfcafe 
^rtSr^i-„ ) (li) a;H*©J:$fc:fc5. 
[§Cl 2] 



(1 5) 

















r 




r 




a7 


p = 














q 




q 


old 


Tax 



[0031] ®.Mmfeia*smM%tfi<Dm±y*&*%. 

[0 03 2] Newton-RaphsonffiCD <t 5 ^R^?j£t?fl, 50 



9 

LT^tefclS^U rli^WWiLt 0 7(1;: 

[0 0 3 3] 

[^yvKO^fiE] 0 8(1, i+IM-loT***:*--;^ 

tt^LfctWT-fcSo Jfctfct£fflV\fc# — *JiJ&£ 6 0 0 
mm, ^#1 0. 5mm s ftl3. 4 mm<D & © T;\ 
£*#$HRfi2 0 b Lfc„ Sfc^&craSttSWHfcTG 
iH3£3&«M£/B Lfc. 0*rofti»tl*-;*<O*^ii&&SL 10 
Tl^So ff-^iHSllroft^llSttl 5. SmmiUffli:^ 

(is W*»f± IBM3090/200E Lfc«^ 
2 7 "9 , ^ISfeSlCSt^ffiffl-Ci* 3 i: %X. e>*l 

■So 

[0 0 3 4] 

ffwjsr^-n itzmi ott^rc7)i))^c7)»gn^-r„ 

[0 0 3 5] 19 (dda^Tff -?§- 1 0 ttfUWI, 1 2 (1^- 20 

#ai 2*jj;^tti^¥©i 4(±, -etim-r^^-^^ 
Xts is ftfcx - * ^ff ITii fe 5 ^ (iffl^* * if « x 

WSkl 0{«^<D»f^^fT5o MXL«HfriaLfc|fj"?-a'V^ 
(3) ^5«|f¥S2 2^ r^ftiJ^V^ 
(3) ^icftff-»S(-i'9fi?<fcferoS^S2 4^^ 30 

[0 0 3 6] £Lh«iW%0 1 0 £H?^T]§: t 

•f-So 4-f A*¥J£l 2(cj;o-r^-xcOT : '-^ J x=W« 

10 0) „ ff-H$£i 0T?tiA^^l 2(.il3I§:;£(c 1 
•9, *-f»t>f^®2 2^i3V^SSSfe©5f^i;i:?et^ 
«U #S*(^ffli-5^*^»^^f 5 Uf^ 
102) „ ^©St^ilS (1 0) <D*<? h/PR, 

[0 0 3 7] ^icrtifeM*^Srffl^TS (3) 40 

«fc*$fc^*8sS:?T 5 (3) ©SaogS 

W-Q-R= f 

(Xxy7°l 0 4) „ 
[0 0 3 8] iCDaM*-^^ h/V-f ^^>*-<^ h^a 
«t t»^C*e> (^7-^1 0 6) , 5t (11) ^ffl^T^ 



W[lfl¥5- 2 1 6 9 2 0 
10 

^ h/Ur , ^ h ^ a (DBlEik<<? h^k r , ^ h/U 
A q 2r*£>3 Uf yT 0 1 08) „ -tUT-"^ N/Ur £ 
^ h/t- (r+Ar) Tgt&X., 3;7c:-<^ h/Vq Sr^ 
^ h/i*- (q + Aq) T'I§ix.tXry7 , 10 2^T© 
ttf£&»9ig1- (^r^llO). ^LT«M*-<^ 

/W> h/Wq^K,^cD^at^-f&]^^-f r tfdTi 
So fto-cr h/lr, h/WqSrffl^T 

12) . 4frt>ttit)i$tl. *-* 

[0 0 3 9] 

[35W©3b*] *3PJ!ilJWi:Wl 5 (', itf£SB»£ffift 
1 <o fc-tZgrngfeMttZ^m-??) h<nxhz> 0 

[0 0 4 0] 4 fc^PJtr j;ti(i^»^f'J?r+^(c|ffl^^ 
© mm bfyt£fc\bifiX*%Z> B r ©fc&ff-g^ h 

[0 0 4 1] Z\<D£o\C#.mW\C£.tU^ mW<DMMfc 

m 1 ] ^mmm^^Vr^T^tDmm 

[0 2] K^-C(D^(75#]i9-&^»lft0Jll 
[0 3] 5*79(0^0 

[04] ir4 7-/<v *-?<DW&i<DWmm 

[05] &mM^tmmmiL<Dmmm 

[0 6] ^*ffi^^**-e©s*^©^K0 

[07] M«»is:s^-r^i^0 

[0 8] IWfeSri: HSM£fc©Jfc#0 
[0 9] *|gBJ!©-*»jw#fi!c0 
[010] ^<£>S)fE<£>»fWx0 
[??^Siig] 
1 0 f+^n 

1 2 A7J#S 

1 4 mti^wt 

2 2 »tif ^© 

2 4 Sl^^g: 



(8) 



<&m¥ 5-2169 




#M¥ 5-216920 



[08] 




COS* 




X 



0 
|_ 



100 

I 



200 
l 



300 
L_ 



400 

l 



500 
I 



(mm) 



[09] 



22 



24 



-10 



CPU 



3t 



A 



16 



-12 



IF 



IF 



-18 



14 



20 



(11) #BB¥5- 2 1 6 9 2 0 

[010] 



✓ 




